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Communication Outcomes of Critical Imaging Results in a
Computerized Notification System
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A b s t r a c t Objective: Communication of abnormal test results in the outpatient setting is prone to error.
Using information technology can improve communication and improve patient safety. We standardized processes
and procedures in a computerized test result notification system and examined their effectiveness to reduce errors
in communication of abnormal imaging results.

Design: We prospectively analyzed outcomes of computerized notification of abnormal test results (alerts) that
providers did not explicitly acknowledge receiving in the electronic medical record of an ambulatory
multispecialty clinic.

Measurements: In the study period, 190,799 outpatient visits occurred and 20,680 outpatient imaging tests were
performed. We tracked 1,017 transmitted alerts electronically. Using a taxonomy of communication errors, we
focused on alerts in which errors in acknowledgment and reception occurred. Unacknowledged alerts were
identified through electronic tracking. Among these, we performed chart reviews to determine any evidence of
documented response, such as ordering a follow-up test or consultation. If no response was documented, we
contacted providers by telephone to determine their awareness of the test results and any follow-up action they
had taken. These processes confirmed the presence or absence of alert reception.

Results: Providers failed to acknowledge receipt of over one-third (368 of 1,017) of transmitted alerts. In 45 of these
cases (4% of abnormal results), the imaging study was completely lost to follow-up 4 weeks after the date of study.
Overall, 0.2% of outpatient imaging was lost to follow-up. The rate of lost to follow-up imaging was 0.02% per
outpatient visit.

Conclusion: Imaging results continue to be lost to follow-up in a computerized test result notification system that
alerted physicians through the electronic medical record. Although comparison data from previous studies are
limited, the rate of results lost to follow-up appears to be lower than that reported in systems that do not use
information technology comparable to what we evaluated.
� J Am Med Inform Assoc. 2007;14:459–466. DOI 10.1197/jamia.M2280.
Introduction
Recent studies have raised concern about errors related to
critical test result communication in ambulatory care.1–6

Communication failures are responsible for a significant
number of outpatient medical errors and adverse events and
are often implicated in liability claims.7–9 In response to the
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referring physicians “in a manner that reasonably ensures
timely receipt of the findings.”10 information technology (IT)
could improve such communication processes and thereby
enhance physician awareness of abnormal imaging test
results, a problem of significant magnitude in previous
studies.4,11 We hypothesized that with standardized policies
and procedures and educational efforts, use of IT to notify
providers of abnormal radiology results would lead to few,
if any, imaging results lost to follow-up. Our goals were to
assess the effectiveness of a computerized test result notifi-
cation system designed to minimize lapses in communica-
tion in the outpatient setting, to identify breakdowns in
communication that could result from the use of this system,
and to determine the potential impact of communication
breakdowns on patients’ health outcomes.

Background
To improve communication and patient safety, the Institute
of Medicine has called for redesigning and error-proofing
health care delivery systems.12 One method for achieving
this goal is to develop electronic information systems for the
delivery of health care data.12,13 The use of IT and adoption
of electronic medical records (EMRs) is thought to hold
promise in improving the quality of information transfer.14

To this end, the Veterans Affairs (VA) system adopted the
use of a “View Alert” system to notify clinicians of abnormal
test results, although the VA has since encountered several
problems with the effectiveness of this system, including the
lack of adequate policies and procedures in its use.15 In 2004,
our institution developed standard operating procedures to
minimize breakdowns in critical communication between
radiologists and clinicians. Several key stakeholders, includ-
ing lead representatives from the sections of Radiology, IT,
several clinical services, and administrators, contributed to
the implementation of these standard operating procedures.

The VA uses computerized physician order entry so that the
ordering clinician is always known. This reduces the prob-
lem of whom to notify about test results. The system relies
primarily on computerized notification of abnormal test
results (alerts) displayed prominently through a View Alert
window that is displayed in the EMR every time a provider
signs on. The View Alert window also appears when pro-
viders switch between patient records and displays alerts on
all of their patients. With the exception of life-threatening
findings, which are communicated by telephone, the radiol-
ogist alerts the referring provider electronically to the pres-
ence of “significant unexpected findings” using codes spe-
cific to our institution (Table 1). Based on his or her
interpretation, the radiologist manually assigns one of the

Table 1 y Codes Used to Flag Imaging Reports
Generated within the Institution*
101 Major new abnormality†
102 New abnormality (tuberculosis, etc.)†
103 Suspicious for new malignancy†
104 Discrepancy with prior examination report
105 Technically unsatisfactory
106 Comparison with prior examination, no discrepancy
107 Comparison with prior examination, minimal discrepancy

*Codes are specific to authors’ institution.

†Generates an electronic alert in the electronic medical record.
codes to the imaging report, which is necessary to generate
an alert. The use of three of these codes (101 to 103) results
in an alert immediately appearing prominently in the View
Alert window of the ordering (and sometimes an alterna-
tive) provider. The provider is then expected to click on the
alert to view the patient’s entire abnormal report. Clicking
the alert indicates that the provider received the imaging
result and is the only mechanism for the EMR to record the
provider’s acknowledgment. However, the system does not
require providers to read alerts, and providers do have an
option of ignoring the View Alert window to bypass it. All
providers who use the EMR receive an initial orientation
about use of alerts. There is periodic reinforcement (about
once or twice per year) through lectures and staff meetings
in the use of the alert system at which providers are made
aware of its potential use in improving patient safety
through better test result notification. Informal feedback has
shown that many physicians found the system useful for the
timely receipt of imaging test results.

Although the View Alerts mechanism is the same across VA
facilities, our facility designed a critical value notification
protocol and established guidelines to track all radiology
alerts. We also established responsibilities of the requesting
physician, the reporting radiologist, and the leadership of
the facility. For example, the Radiology section sends infor-
mation on all alerts that remain unacknowledged to the
ordering provider’s chief of service, the administrative offi-
cer of that service, and the chief of staff of the hospital. We
also educated the practitioners to assign surrogate backup
providers in the EMR when they are away so that alerts can
be sent to the surrogates in their absence.

The established codes for flagging imaging test results
(shown in Table 1) are used to monitor and track radiology
alerts. Standardization of policies and procedures in the use
of the alerts system addresses several criteria suggested by
Bates and Leape1 for effective critical results reporting
systems. These criteria include consensus about which re-
sults are considered critical (several stakeholders agreed on
the codes), effective processes for communicating results
(including computerized tracking) to key clinicians, and
backup procedures (such as informing an alternate provider
when the ordering provider is absent). Backup procedures
are critical, for example, when the ordering provider is
unavailable or is a part-time consultant, a temporary cover-
ing provider, or an emergency room provider. To ensure
continued follow-up care in such cases, all alerts are sent to
the patients’ primary care physicians (PCPs), who thus serve
as backup alternate providers. If the alert is sent to more
than one provider, it only requires acknowledgment by any
responsible provider (any provider to whom the system sent
an alert) for resolution. In addition, all patients assigned to
resident PCPs are also assigned to a staff physician, who in
the absence of the resident is considered the responsible
provider. Because of its tracking capability, the system also
addresses two factors that lead to malpractice claims against
radiologists: failure to directly contact the referring physi-
cian and failure to document any attempt to make contact.8

Hence, we considered this computerized test result notifica-
tion system a significant improvement over previous non-

computerized systems.
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The View Alert mechanism can be customized for use in
receiving other types of clinical information, such as receipt
of critical laboratory alerts and notes for co-signature, which
are mandatory. Providers also have the option of receiving
some nonmandatory information, such as reports from
consultant services, and are well accustomed to using this
tool in their daily routine. More than 1 year after the
radiology alerts system was initiated, we sought to evaluate
its effectiveness of communication, defining effectiveness as
“clinicians becoming aware of, and responding appropri-
ately to, alerts about critical radiology results.”

Looking for possible breakdowns of information transfer,
we adapted a taxonomy of communication breakdowns to
address three key steps involved in the communication
process in our system.16 This taxonomy includes errors of
message transmission (e.g., failure to create an alert), errors
of message reception (e.g., failure to notice or act upon an
alert), and errors of message acknowledgment (e.g., failure
to confirm receipt of the alert). We found the taxonomy
suitable to address the types of communication breakdowns
identified in our computerized test result notification sys-
tem. Although transmission failures could occur if the
interpreting radiologist did not code the report in the
alerting system correctly, we focused only on errors of
reception and acknowledgment for a series of alerts that
were confirmed to be transmitted electronically. Specifically,
we sought evidence that ordering physicians received and
acknowledged alerts of critical findings and took appropri-
ate follow-up action based on their awareness of abnormal
reports.

Methods
Setting
The study was carried out at the multispecialty ambulatory
clinics of the Michael E. DeBakey Veterans Affairs Medical
Center in Houston, Texas. The clinic includes primary care,
medical subspecialties, general surgery, and all surgical
subspecialties. Each VA patient is assigned to a PCP respon-
sible for supervising and coordinating all outpatient services
for their assigned patients.17 Some of the clinics included
residents who were supervised by staff physicians. The
study was approved by the Baylor College of Medicine
Institutional Review Board and the Michael E. DeBakey
Veterans Affairs Medical Center Research and Development

F i g u r e 1. Timeline for assessing communication of an al
Committee.
Outcomes of Alert Acknowledgment
Between March 7 and May 28, 2006, we used weekly
computerized tracking to identify alerts that represented
abnormal imaging reports coded as 101 to 103. The tracking
system only identified alerts that were confirmed to have
been transmitted electronically to the providers.

Inclusion and Exclusion Criteria
Each week during the study time period, the system down-
loaded alerts that were not acknowledged by the providers
(see Fig. 1 for timeline). The downloaded list included
patient identifiers, names of providers to whom the alert
was sent, the date and type of imaging study, and the
location of patient at the time of the imaging study. We
excluded unacknowledged alerts resulting from imaging
studies that we confirmed to have been performed on
inpatients. We then reviewed the medical records of all
patients whose imaging tests were done in the outpatient
setting and whose results were unacknowledged at the time
the list was generated. On pilot testing of the medical record
review process, we found that some outpatients with abnor-
mal imaging findings were admitted to the hospital for
further evaluation and treatment. We anticipated that such
scenarios implied alert reception and would lead to appro-
priate follow-up of the abnormal test, and this was con-
firmed on several chart reviews at the time of pilot testing.
Thus, patients who were found to be admitted any time after
the imaging test but before the time of our medical record
review were excluded from further analysis. This period
would typically be about 14 days (range 8 to 21 days)
depending on the date of imaging test and when the chart
review was conducted (Fig. 1).

Outcomes of Alert Reception
We anticipated that providers also receive information from
other modes of communication (such as patients’ requests
for their test results, via a nurse-generated printout, or by
discussing findings with radiologists by visiting or calling
them). It was also possible for providers to be aware of a
result by directly accessing the report in the patient’s record
without acknowledging the alert in the View Alert window.
Therefore, when alerts were not acknowledged, we re-
viewed the medical record for documentation of alert
reception.

On medical record review, we determined whether the

mputerized notification of abnormal test results).
providers documented appropriate follow-up action related
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to the alert, indicating they had “received” the message. We
defined this documentation as responsiveness to the alert.
Responsiveness included appropriate follow-up on the alert
by either direct mention of the report in the medical record
or an action taken thereupon, such as ordering a recom-
mended follow-up imaging test or a consultation or proce-
dure. We did a comprehensive review of the electronic
medical record for entries under “notes,” “orders,” and
“consults” to ascertain actions taken.

Because providers may not always document their actions,
absence of responsiveness in the medical record did not
necessarily imply that providers failed to receive the alert.
As a final step in the process of determining reception
failure, we contacted the providers to determine their aware-
ness and actions on the report. After initial chart review, a
second investigator confirmed findings of the chart reviewer
and checked the record for new documentation before
calling the ordering provider. In most cases, by the time the
provider was called, nearly 4 weeks had elapsed from the
generation of the alert, an adequate time period for provid-
ers to respond to the alert. If providers were aware of the
report, we sought to determine reasons why they had not
taken any follow-up action. However, if the providers were
unaware of the report, they were advised of a recommended
follow-up action based on the report of the radiologist (e.g.,
ordering a computed tomography scan for a lung nodule).
These instances of unawareness were classified as confirmed
failures of alert reception, and their outcomes were catego-
rized as near misses, defined as events that could have
harmed the patient but did not cause harm as a result of
chance, prevention, or mitigation.13

If the ordering provider could not be reached on three tries
on 3 different days, we called the alternate provider. If both
providers were unavailable, the case was handed over to the
Section of Radiology for further nonresearch-related notifi-
cation detailed earlier to ensure adequacy of follow-up. We
could not confirm the failure of communication in these
cases and thus classified them as possible failures of alert
reception. Both confirmed and possible failures of reception
were classified as lost to follow-up imaging.

If on medical record review we determined that the diagno-
sis was not new and the patient was already receiving
appropriate care for the condition, we did not contact the
providers even though they had not documented a response
F i g u r e 2. Outcomes of computerized notification of abnormal
in the medical record. In such cases, two investigators
reviewed the case at length and discussed their findings to
confirm that calling the provider was unnecessary and
would not likely impact patient management because the
provider who ordered a test was obviously aware of the
patient’s condition prior to ordering the test. As an example,
a computerized tomography of the neck revealed a suspi-
cious thyroid mass on a patient who had already been
worked up and scheduled for a future thyroidectomy by the
appropriate service. Usually these situations occurred when
the radiologist was not made aware of case details such as
ongoing therapy and detailed prior information from med-
ical record review was found to support the facts. These
situations were called no impact on outcome situations.

We collected data on the type of imaging and characteristics
of the ordering providers such as specialty and training. The
person who first responded to the alert was identified if
other than the ordering provider. We also assessed whether
the responsiveness resulted from the patients’ visits to the
clinic, by the patients calling for their results, or by the
providers themselves. Finally, the reviewers made judg-
ments based on extensive case review from the medical
chart about the possible anticipated outcomes that might
have occurred if the providers remained unaware of the
report (e.g., possibility of delayed diagnosis of outcomes
such as lung cancer if the study team had not intervened by
calling the patient for a computerized tomography of the
chest).

We analyzed the data using the SAS version 9.13 software
package (SAS Institute Inc., Cary, NC). The �2 and Fisher’s
exact tests were performed to determine whether alerts
associated with lost to follow-up imaging differed in several
characteristics (e.g., type of study, provider specialty, etc.)
from alerts that were unacknowledged but for which imag-
ing was not lost to follow-up. Agreement between reviewers
on the determination of no impact on outcome situations
was assessed using the Kappa statistic. A kappa value �0.75
was used to denote excellent agreement.

Results
A total of 190,799 outpatient visits occurred between March
7, 2006, and May 28, 2006. In this time period, 20,680
outpatient studies (including radiographs, computed to-
mography scans, ultrasounds, magnetic resonance imaging,
imaging results.
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and mammography) were performed, and 1,017 (4.9%)
alerts were electronically transmitted. Figure 2 illustrates the
outcomes of these 1,017 alerts, 402 of which providers did
not acknowledge. Medical record review revealed 34 cases
in which the patient was admitted shortly after the imaging
test, and these alerts were excluded from study of outcomes
of alert reception. Therefore, we evaluated alert reception
outcomes in 368 charts (36.2%). The imaging modality and
characteristics of the ordering providers are listed in Table 2.
Of 368 unacknowledged alerts, 181 (49.2%) were sent to both
the ordering and an alternate provider. On chart review, we
found 293 cases in which a provider had responded to the
alert without acknowledging it electronically (Fig. 2). In 163
(56%) of these cases, the ordering provider first responded to
the alert on their own (data not shown). In 52 (18%) cases, an
alternate provider first documented the response. In the
remaining cases, the first response was documented when
the patient returned for a clinic visit (n � 65), when patients
called for their reports (n � 5), or when a trainee supervisor
(n � 7) or a nurse (n � 1) noticed an abnormal report.

Of the remaining 75 unresponsive cases, 23 cases were
classified as no impact on outcome situations and a decision
was made not to call the providers (kappa value � 0.88 on
interinvestigator agreement). We could not reach five pro-
viders and turned these cases over to the Section of Radiol-
ogy according to study protocol. In these cases the provider
was either out of the office for an extended period of time or
had recently left the institution. Of the remaining 47 provid-
ers, 7 were aware of the report but had not documented
anything in the medical record. Reasons cited were either

Table 2 y Characteristics of Unacknowledged
Abnormal Imaging Reports and of Providers Who
Ordered Them

n (%)

Types of abnormal imaging reported*
General radiology 164 (44.5)
Ultrasounds 25 (6.8)
Computerized tomography scans 127 (34.5)
Magnetic resonance imaging 31 (8.4)
Mammography 5 (1.4)
Fluoroscopic radiographs 16 (4.3)

Ordering provider characteristics
Trainees (interns, residents, and

fellows)
76 (20.6)

Physician assistants 85 (23.1)
Nurse practitioners 20 (5.4)
Attending physicians 187 (50.8)

Ordering provider specialty
Generalist/primary care 222 (60.3)
Hematology/oncology 28 (7.6)
Other specialty medicine† 32 (8.7)
Emergency medicine 24 (6.5)
General surgery/gynecology 20 (5.4)
Specialty surgery‡ 42 (11.4)

*Denotes 368 alerts that were unacknowledged in the electronic
medical record.
†Included medicine subspecialties other than Hematology-
Oncology.
‡Included all surgical subspecialties, e.g., otolaryngology, neurosur-
gery, plastic surgery, etc.
because a decision was still awaited on the patient’s next
course of action or the abnormality was old and had been
worked up at an outside institution. We confirmed failures
of alert reception in 40 cases (3.9% of all alerts) in which
providers were unaware of the alert. Table 3 compares the
characteristics of the 45 alerts lost to follow-up with the 323
cases for which no further action was required to ensure
follow-up. In general, alerts associated with imaging lost to
follow-up were not associated with any particular type of
imaging study, ordering provider characteristics, ordering
provider specialty, or notification of an additional provider,
although our statistical power to assess these differences
was limited.

The types of abnormalities related to imaging lost to fol-
low-up are shown in Table 4. All of these had the potential
to lead to missed or delayed diagnosis of the given condition
if we had not intervened. A majority of near misses (73%)
were related to some form of a suspected new malignancy.

Discussion
Our institution implemented several standard operating
procedures to enhance communication through the View
Alert computerized test result notification system, a process
currently in use in all VA facilities to report specified
abnormal test results. To test its effectiveness we studied
communication outcomes as a result of using this system
and evaluated physician awareness of abnormal imaging
test results, a problem of significant magnitude in previous
studies.4,11 Using a taxonomy of communication break-
downs, we categorized problems with alert acknowledg-
ment and reception and identified lost to follow-up imaging
results. Providers failed to electronically acknowledge over
one-third of alerts according to established protocols and
were unaware of abnormal results in 4% of cases 4 weeks
after reporting. We found that 45 (0.2%) of 20,680 imaging
reports were lost to follow-up in the study period; when
translated to 190,799 outpatient visits, the rate was 0.02% per
outpatient visit. Although we lack data about these rates
prior to using this system, our findings suggest that lack of
physician awareness of abnormal imaging results and sub-
sequent loss of appropriate follow-up occur despite the use
of a computerized test result notification system that fol-
lowed standardized policies and procedures.

Surprisingly, there is a dearth of studies that report such
overall rates. Two studies have reported similar data in
systems that do not use similar IT and suggest that physician
unawareness of abnormal imaging results is a substantial
problem.4,11 One of them reported 36% of abnormal mam-
mograms to be lost to follow-up,4 whereas another reported
that 23% of abnormal dual-energy x-ray absorptiometry
scans without evidence of review by the provider.11 These
numbers are strikingly high compared to the 4% reported in
our study. The dual-energy x-ray absorptiometry scans
study also reported about a 2% overall lost to follow-up
imaging rate compared to the 0.2% seen in our study.
Although our data are from a single site, they appear to
suggest an improvement over noncomputerized notification
systems.

Limited data exist from computerized notification systems
related to imaging. In a recent study at another VA facility,
8 of 395 (2%) of abnormal radiology reports were lost to

follow-up, a number that is not statistically different from
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ours.18 However, their system was semiautomated, i.e., the
radiologists notified the provider in every abnormal case, a
fairly time-intensive process. The vast majority of radiolo-
gists have found this method to be frustrating, with lengthy
wait times on the telephone for referring clinicians, and for
this reason this method is generally not popular among
radiologists.19 Other techniques of automation-based test
result notification are emerging19,20; however, their perfor-
mance and outcome data are lacking. In general, electronic

Table 3 y Characteristics of Providers and Tests in 45
Which No Further Action Was Required to Ensure Fo

Lost to Follow-up
n (%)

N

Type of study
General radiology 23 (51)
Ultrasounds 2 (4.4)
Computerized tomography 9 (20)
Magnetic resonance imaging 6 (13)
Mammography 2 (4.4)
Fluoroscopic radiograph 3 (6.7)
Total 45

Ordering provider characteristics
Trainee 10 (22)
Physician assistants 14 (31)
Nurse practitioners 3 (6.7)
Attending physician 18 (40)
Total 45

Specialty
Generalist/primary care 26 (58)
Hematology/oncology 2 (4.4)
Nononcology specialty 5 (11)
Emergency medicine 5 (11)
General surgery/gynecology 3 (6.7)
Specialty surgery 4 (8.9)
Total 45

Number of providers notified
1 28 (62)
2 17 (38)
Total 45

Alternate provider characteristics
Trainee 1 (5.6)
Physician assistant 2 (11)
Nurse practitioners 0 (0.0)
Attending physician 15 (83)
Total† 18

*Medical record review determined whether action was required to
†Not every alert was transmitted to a second alternate provider.

Table 4 y Types of Near Misses Associated with Imag
Type of Nea

Suspicious for new malignancy
Chest radiograph with nodular density not followed up with com
Other chest imaging suspicious for neoplasm (hilar nodes, media
Abnormal imaging suspicious for a gastrointestinal neoplasm ne
Abnormal imaging suspicious for intra-abdominal neoplasm (kid
Abnormal mammogram requiring further evaluation that was no
Abnormal imaging suspicious for other neoplasms; recommende

Other major new abnormalities
Chest imaging showing nonneoplastic abnormalities (e.g., consol
Spinal canal imaging abnormalities (e.g., severe canal stenosis)
Other abnormal nonneoplastic imaging (e.g., aneurysm on abdom
*All 45 cases had absence of both radiologic and clinical follow-up at the
alerting has been shown to improve critical laboratory
results communication in the inpatient setting, and we
believe that it has a promising future in improving test result
follow-up in the outpatient setting.21–23

Our findings affirm the need for high reliability of tracking
abnormal test results to achieve high-quality health care.1

System redesign should include formal policies and proce-
dures regarding communication and appropriate use of

of Imaging Lost to Follow-up Versus 323 Cases in
up*
on Was Required

n (%)
�2

(Fisher’s exact test) df p

141 (44)
23 (7.1)

118 (37)
25 (7.7)
3 (1.0)

13 (4.0) (Fisher’s exact test) 0.0559
323

66 (20)
71 (22)
17 (5.3)

169 (52) 2.810 3 0.4219
323

196 (61)
26 (8.0)
27 (8.4)
19 (5.9)
17 (5.2)
38 (12) (Fisher’s exact test) 0.6464

323

159 (49)
164 (51) 2.669 1 0.1023

323

3 (1.8)
17 (10)

5 (3.0)
141 (85) (Fisher’s exact test) 0.5681

166

e follow-up of imaging by calling the provider.

ost to Follow-Up*
n

ized tomography or repeat imaging 13
widening) with no follow-up 4
ting an endoscopic procedure that was not ordered 5
ver, ovarian); further imaging to evaluate not ordered 5
red 2
er imaging/test not ordered 4

) 3
6

adiograph) 3
Cases
llow-
o Acti

ensur
ing L
r Miss

puter
stinal

cessita
ney, li
t orde

d furth

idation

inal r
time of our 4-week telephone intervention.



Journal of the American Medical Informatics Association Volume 14 Number 4 July / August 2007 465
technology19–21,24,25 to achieve high standards of patient
safety. Several studies report communication errors in test
result reporting and have addressed issues related to test
result follow-up.1–4,17,26–32 However, few studies have com-
prehensively evaluated outcomes by using a taxonomy of
communication failures to identify points of breakdowns in
the test result notification process.11,29,32 We believe our
study may be one of the first to adapt such a taxonomy to
evaluate a computerized test result notification system in
ambulatory care.

Our study included alerts related to a broad range of
imaging studies ordered by providers of several types,
including trainees. The majority of outpatient care at our
institution is delivered by primary care providers, who often
act as gatekeepers and can serve as a safety net to maintain
quality care in a complex multispecialty health care system.
The transmission of every alert to the patient’s primary care
provider could have contributed to enhanced communica-
tion as evidenced by the number of cases (18%) in which the
alternate (primary care) physician was the first to document
responsiveness to the alert. Although this suggests that our
back-up system seems to be working to an extent, it is still
concerning that providers at times did not document any
response to the alert in the medical record.

Despite enthusiasm about computerized test result notifica-
tion systems and their potential for improving patient
safety, there were several examples of near misses for which
results were not followed up with additional testing, work-
up, or consultation. Because we do not have appropriate
comparison data for our system prior to this intervention,
we cannot speculate whether this is an improvement over
our previous nonelectronic notification, such as pages or
telephone calls to ordering providers. Although lost to
follow-up imaging accounted for only 4% of all abnormal
results, in a system in which millions of imaging tests are
performed the potential impact of lost test results is high.
For example, in the brief 11-week time period at our
institution, most of these near misses (including 33 reports
that were coded as suspicious for a new malignancy) could
have resulted in adverse outcomes. At the time of provider
contact in these cases, providers reported recalling the case,
but when asked specifically about their abnormal imaging
tests, providers did not recall reading the results and admit-
ted to being unaware and not taking action.

Practicing physicians in the ambulatory care setting are
subject to many breakdowns in care processes that lead to
lost test results. Primary care physicians may receive up to
40 radiology reports per week3 in addition to several other
laboratory reports, and at our institution providers may
receive anywhere from 20 to 60 alerts per day. There are
several other constraints, such as time and workload, that
could affect the communication process, but much needs to
be learned about why alerts remain unacknowledged and
why test results get lost to follow-up. Future work should
aim to lower the rate of lost-to-follow-up results without
putting additional constraints on providers’ tasks or time.

Our study has several limitations. This was a single-institu-
tion VA study performed over a relatively brief time period
with a predominantly male study population, raising ques-

tions about generalizability outside the VA. We also have no
similar communication error data prior to initiation of the
electronic alert system, limiting our conclusions about its
effectiveness compared to previous methods. In addition,
we did not examine possible alert transmission failures, such
as circumstances in which the radiologist did not appro-
priately code the abnormal report. We did not study harm
and adverse events, but only near misses at 4 weeks, which
was a convenient and feasible outcome measure given our
study methodology. It is possible that follow-up would have
occurred for some alerts after this 4-week time period had
we not intervened. We also did not assess the characteristics
of the 615 abnormal imaging results that were acknowl-
edged by the providers. Our results also may not be gener-
alizable to the inpatient setting where the prevalence of
abnormal results is likely to be higher and care is provided
by teams that rotate more frequently and have a more
complex structure. Because of the unique IT environment at
the VA (the VA information management system integrates
the EMR with ancillary systems such as the radiology
information system), our results are not generalizable to
other settings, such as free-standing diagnostic imaging
centers, which may not communicate alerts directly to
physicians’ EMR screens. Nevertheless, we believe that the
VA system can be viewed as a model for communicating
alerts to physicians and an important system within which
innovations in patient safety methods can be developed and
tested.33

In conclusion, imaging results continue to be lost to fol-
low-up in a computerized test result notification system that
alerted physicians on their EMR screens. Although previous
data comparisons are limited, communication failures in this
system appear to occur at a lower rate than those reported in
systems that do not use comparable IT. Future research
should assess the effectiveness of various methods of noti-
fying providers of abnormal test results and determine why
some alerts are lost in computerized notification systems.
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